Streptococcus pneumoniae is a common pathogen responsible for pulmonary infections and the leading cause of mortality and morbidity in patients with particularly B cell immunodeficiencies. Antibody production is the principal protective immune response against S. pneumoniae and measurement of the production of antipolysaccharide antibodies is important in the evaluation of B cell deficiencies. We quantified serotype-specific immunoglobulin G antibodies against seven common pneumococcal serotypes before and three weeks after unconjugated vaccine in 416 patients with recurrent respiratory tract infections; fifty-five (13%) of whom showed impaired antibody response. We could evaluate 41 of these 55 patients for their particular clinical features. Specific antibody deficiency, was diagnosed in 10 of these patients, common variable immunodeficiency in 18, ataxia telangiectasia in 10 and other antibody deficiencies in 7 (transient hypogammaglobulinemia in 4, IgG subclass deficiency in 1, partial and selective IgA deficiency in 1) patients. Evaluation of the antibody response to polysaccharide antigens should be considered early on in patients with recurrent respiratory infections and required particularly for the diagnosis of specific antibody deficiency and the decision of the appropriate treatment approaches.
Antibodies are the primary mediators of humoral immunity against all classes of microbial antigens. Antigen molecules are usually proteins and polysaccharides, less frequently also lipids and nucleic acids. Coats, capsules, cell walls and toxins are antigenic parts of various organisms such as viruses and bacteria. Different types of antigens trigger different effector mechanisms of the immune system. B lymphocytes can recognize polysaccharide antigens by membrane bound immunoglobulin M and D receptors and B cell activation may occur in a T cell independent manner. Antibody responses to protein antigens require helper T lymphocytes and this is called T cell dependent process.
Antibody deficiency presents in both B and T cell disorders and is characterized by recurrent bacterial infections. 1 Many primary immunodeficiencies predispose the individuals to infections with polysaccharide containing organisms. Streptococcus pneumoniae which is an encapsulated bacteria bearing surface polysaccharide antigens is the most common pathogen responsible for pulmonary infections. It is a clinically important pathogen that causes invasive pneumococcal diseases, such as sepsis, meningitis, and pneumonia. [2] [3] [4] Measurement of specific antibody response is important for the evaluation and/or diagnosis of humoral immune disorders such as common variable immunodeficiency (CVID), selective IgA deficiency, IgG subclass deficiency and specific antibody deficiency (SAD). 5 While impaired antibody production to various antigens are seen in many B cell immunodeficiencies, SAD is characterized by an impaired antibody production against polysaccharide antigens in the presence of normal immunoglobulins and normal response to protein antigens. Patients with SAD are usually prone to recurrent respiratory tract infections. 6 In this study, we measured the polysaccharide antibody production in 416 patients with recurrent respiratory tract infections before and after unconjugated pneumococcal vaccine. Fifty-five patients were found to have impaired antibody response. Forty-one of these patients that we could reach were evaluated in terms of their clinical presentations.
Material and Methods
Four hundred and sixteen patients who were admitted with recurrent upper and/or lower respiratory tract infections enrolled according to 10 warning signs of primary immunodeficiencies by JMF (Jeffrey Modell Foundation) with or without hypogammaglobulinemia were immunized with polyvalent unconjugated pneumococcal vaccine between January 2008-December 2015. All patients were older than 2 years of age. Forty-one patients out of 55 with impaired antibody response could be included for clinical and immunological assessment in the study. In addition, among 416 we randomly selected 41 patients among 416 with intact vaccine response and without any known PID as a control group. This study has been approved by the Local Ethics Committee of Hacettepe University (14.02.2017, report number: . Informed consent was obtained from patients and parents.
Methods
Measurement of capsular polysaccharide serotype-specific immunoglobulin G (IgG) antibodies against S. pneumoniae was performed by enzyme-linked immunosorbent assay (ELISA) in serum samples before and 4 weeks after vaccination with PNEUMO 23® (unconjugated polysaccharide vaccine against S. pneumoniae) as described previously with minor modifications 7 . Antibody responses to 7 serotypes (1, 3, 4, 6B, 14, 19F, 23F) were measured. All sera were obtained before starting IVIG therapy and analyzed in duplicates in the same ELISA run. In order to eliminate antibodies to cell wall polysaccharides, microtiter plates were coated with capsular polysaccharide antigens (from the American Type Culture Collection (ATCC), Rockville, MD, USA) and the samples were pre-incubated overnight with species-specific common cell wall polysaccharide from S. pneumoniae (CWPS; C-polysaccharide purified; Statens Serum Institute, Denmark). Antibody concentrations are indicated as the percentage of reference serum, the hyperimmune plasma pool (U.S. Pneumococcal Reference serum FDA7 CBER, Bethesda, MD, USA) in units per milliliter (U/ml), where the reference plasma pool represents 100 U/ml for each serotype.
Since patients with high pre-immunization titers may not generate a drastic increase after immunization, the final concentration of antibodies after immunization (regardless of increase from preimmunization concentration) was taken into account 8 . Under an antibody concentration of less than 20 U/ml against a serotype tested was considered as a negative response and if negative response was obtained against at least 50 % of the evaluated serotypes, it was considered as impaired response. This criterion was selected according to results obtained in 40 healthy Turkish children (age range: 5 to 15 years; median: 10 years and mean, 9.7 years) (Sanal O, unpublished data).
Statistical analysis
Comparisons between the patient groups with impaired antibody response and the controls were analyzed with Chi-square tests. Pearson, continuity correction or Fisher's exact test were used according to number of the subjects or expected values. SPSS Statistic 22 (IBM, USA) was used to analyze the data.
Results
Antibody production against polysaccharide antigens was defective in 55 patients out of 416 (13%) with recurrent respiratory tract infections; 41 of these patients were evaluated.
The underlying immunodeficiencies were diagnosed according to criteria described by European Society for Immunodeficiencies. 9, 10 Ten patients were diagnosed with SAD, 18 with CVID, six with AT and seven with other antibody deficiencies (four patients with transient hypogammaglobulinemia, one IgG subclass deficiency, one partial IgA deficiency and one selective IgA deficiency). Age, gender and the rate of parental consanguinity were given in Table I . The patients were evaluated for the presence of recurrent lower and upper respiratory tract infections, bronchiectasis, autoimmunity, the number of hospitalizations due to the infections and the age of onset of clinical symptoms.
We compared the clinical and immunological features of patients with impaired antibody response against polysaccharide antigen with those of the control group. The patients with defective antibody response were divided into four groups as SAD, CVID, AT and the other hypogammaglobulinemies for further comparison (Table II) .
The percentage of the patients with lower respiratory tract infections was much higher in SAD and CVID patients in comparison with the control group while excess upper respiratory tract infections were comparable in all groups (p<0.001). Bronchiectasis demonstrated by chest X-ray or CT scan was present in half of the patients with SAD and CVID while it was present in 19% in the control group (p=0,009).
The frequency of multiple hospitalization was similar in all patient groups (range 60-71%) but it was much lower in the controls (p<0.001). Autoimmunity was most common in patients with CVID. However, the differences between patient groups and controls was not significant (p=0.35). Defective antibody production against protein antigens was seen in patients with CVID and other hypogammaglobulinemies (p=0.002). The mean age of onset of clinical symptoms was 56.7 months in the patients with impaired antibody response and 90.1 months in the control group.
Discussion
Measurement of polysaccharide antibody response is important in the evaluation of B cell immunity. It should be evaluated in patients older than 2 years with recurrent bacterial infections. 10 Impaired polysaccharide antibody production may be seen in antibody deficiencies such as CVID, IgG subclass deficiency and selective IgA deficiency. These patients may also have defective response to protein antigens. [11] [12] [13] Patients with SAD have an impaired antibody production against polysaccharide antigens whereas they have Data is presented as percentages. SAD: specific antibody deficiency, CVID: common variable immunodeficiency, AT: ataxia-telangiectasia, URI: upper respiratory tract infection.
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Gender, Age (years) Consanguinity, % normal immunoglobulin levels and normal response to protein antigens. 14 In this study, polysaccharide antibody response was found to be impaired in 13% of the patients with recurrent respiratory tract infections. All of the patients except one failed to respond to all 6 serotypes. One patient responded to only one serotype.
The percentage of the patients with recurrent lower respirator y tract infections was significantly higher in CVID and SAD (more than 2 fold) in comparison with the control group. The increased frequency of these infections was observed in AT and the other group, as well. Patients with CVID and selective IgA deficiency are more prone to recurrent lower respiratory tract infections 15 . Multiple hospitalization with respiratory tract infections in the patient groups were significantly higher than the control group which may suggest that the control group patients experience less severe infections.
Recurrent respiratory tract infections may result in bronchiectasis. 16 It is one of the major long-term clinical complications in patients with SAD and CVID. 17 Bronchiectasis was present in 50% of the patients with SAD and CVID but none of our patients with AT developed bronchiectasis. Recurrent lower respiratory tract infections are common in AT and can be associated with the development of bronchiectasis. 18 A recent report from Iran showed that 54% of the patients had a history of pneumonia while 64% had a history of recurrent upper respiratory tract infections. 19 Another study from the USA revealed that 38% of the patients over 20 years of age had a history of recurrent lower respiratory tract infections. 20 Absence of AT patients with bronchiectasis in our study may result from the low number of patients and relatively young age. Lung disease in patients with AT often progresses with age and neurological decline and in addition to abnormal immune response, recurrent aspiration and impaired clearance of respiratory tract secretion contribute to lung disease in these patients 21 .
The parental consanguinity rate was higher in all patient groups except CVID in comparison the control group. This rate was 40% in patients with SAD which may be considered as notable. There is no data in the literature regarding consanguinity rate for these patients. The pathogenesis of SAD is still unclear. The underlying genetic defect in at least some of the patients may be inherited as autosomal recessive. Moreover, Turkey has a high rate of consanguineous marriages; some 20-25% of marriages in urban areas and more than 35% in rural areas are consanguineous. 22 This may also explain the high ratio among our patients with SAD.
As expected percentage of patients with defective antibody production against protein antigens was 50 % in the CVID group. It was the highest rate among all other patient and the control groups.
Autoimmunity was present most commonly in the CVID group. More than 25% of CVID patients have been reported to have autoimmune complications. 23 Autoantibodies and auto-reactive B cells can be detected in these patients, even if serum immunoglobulins are very low and specific response to various antigens is impaired. 24 Cytopenia is the most common autoimmune manifestation in these patients with CVID 25 and autoimmune thrombocytopenia (ITP) was found in 7 out of 18 patients in our study. One patient with IgG subclass deficiency had celiac disease.
Our results showed, clinical symptoms begin earlier in the patients with impaired antibody response in comparison with the control group who had recurrent respiratory tract infections but normal polysaccharide antibody production. Defective polysaccharide antibody production may be responsible at least partially for the earlier onset in patient groups than controls.
Jeurissen et al. 26 found the prevalence of the impaired antibody production in the patients with recurrent respiratory tract infections to be 11% among 82 subjects. This ratio was 15% (15/99) in the study of Ruuskanen et al 27 .
Polysaccharide antibody response was found to be impaired in 13% (55/416) of our patients.
The prevalence of SAD among the patients with recurrent respiratory infections has been reported as 11% (10/91) and 12.4% (11/89) in the studies published by Rauskanen et al. 27 and Boyle et al 28 , respectively. We found the prevalence of SAD was 2.4% (10/416). This is relatively lower than these previous results. Although our patients with SAD were younger than the CVID patients, the percentage of pulmonary infections and bronchiectasis were similar in patients with SAD and CVID. The difference between our and previous studies may be partly due to the fact that in the above mentioned studies the patients with low Ig levels were excluded.
In conclusion, measurement of the production of antipolysaccharide antibodies is required for diagnosis of SAD. Prophylactic antibiotic or IgG replacement therapy may protect these patients from long term complications. Thus, evaluation of the response to polysaccharide antigens should be considered early on in patients with recurrent respiratory infections.
